The fabella is an anatomic variant not seen in all individuals and can potentially be a source of chronic knee pain due to chondromalacia, osteoarthritis, fractures, or biomechanical pressure against the lateral femoral condyle. It is situated intra-articular, close to the lateral femoral condyle, the lateral gastrocnemius head tendon, and the fabellofibular ligament. Given its rarity, the diagnosis of a symptomatic fabella is often overlooked when evaluating patients with persistent posterolateral knee pain. However, this diagnosis should always be considered, especially in high-performance runners, bikers, and triathletes. Although nonoperative management can potentially resolve symptoms associated with this condition, fabella excision via arthroscopically assisted surgery is a reliable and safe alternative to treat patients who do not benefit from nonsurgical treatment. We present our technique detailing fabella excision for treatment of posterolateral knee pain, which includes an arthroscopic evaluation of the fabella to assess damage to the femoral condyle and minimize over-resection and potential damage to surrounding structures.
T he fabella is a sesamoid bone located in the posterolateral aspect of the knee, embedded in the muscular and tendon fibers of the lateral head of the gastrocnemius muscle. It articulates anteriorly with the posterior surface of the lateral condyle, and is bordered posteriorly by the oblique popliteal ligament. 1 The presence of the fabella in humans is a variant and is reported to range from 20% to 87%. 2 When the fabella is present, an additional ligament called the fabellofibular ligament (ligament of Vallois), which runs from the fabella to the fibular head, can be found. 2 The presence of the fabella is usually asymptomatic; however, it can be a source of posterolateral knee pain. 2, 3 The pain is usually periodic and is accentuated with the knee in extension, because of the compression of the fabella against the lateral femoral condyle in this position. 4 Irritation of the common peroneal nerve resulting in neurologic symptoms, such as numbness or pain, may be present in some patients. 5 Conservative treatment can be an effective way to reduce painful symptoms and increase activities involving extension, flexion, and rotation of the knee.
However, in patients who do not respond to nonoperative treatment, surgical treatment may be performed. A fabella excision can be successfully performed either as an open or arthroscopic procedure. 7 The aim of this Technical Note is to describe an arthroscopy-assisted fabella excision, which can be challenging because of the position of the fabella to key structures of the posterolateral side of the knee.
Evaluation
The fabella can lead to posterolateral knee pain as a result of focal cartilage damage due to mechanical compression, localized osteoarthritis, cartilage softening, periosteal inflammation, or compressive irritation. 6, 8 Because the fabella is an intra-articular structure with a cartilage lining, this can also degenerate and lead to chronic pain and localized arthritis. Physical examination may reveal the presence of swelling/tenderness in the posterolateral aspect of the knee. A complete knee examination is necessary to evaluate the cruciate ligaments, collateral ligaments, and menisci and exclude other causes of posterolateral pain. Radiographs and sometimes ultrasound are used to confirm the presence of a fabella sesamoid. 7 Magnetic resonance imaging can be valuable to exclude other causes of knee pain. In addition, magnetic resonance imaging (Fig 1) may show changes associated with fabella irritation, inflammation, thickening of the lateral gastrocnemius tendon, and evidence of grooving of the articular cartilage on the posterior lateral femoral condyle. Table 1 shows the indications and contraindications for a fabella excision.
Surgical Technique Preoperative Setup
The patient is placed in a supine position with the surgical limb in a leg holder (Mizuho OSI, Union City, CA). The nonsurgical leg is flexed, abducted, and held in an abduction holder (Birkova Product LLC, Gothenburg, NE) so it does not interfere with the procedure (Video 1). A well-padded thigh tourniquet is placed on the upper thigh of the operative leg. The surgical leg is prepped and draped in a sterile fashion, the leg exsanguinated, and tourniquet inflated. The approach of the fabella is performed prior to fluid extravasation. Table 2 summarizes pearls and pitfalls of fabella excision.
Incision and Exposure
Key superficial landmarks to be marked prior to incision include the Gerdy tubercle, the superficial layer of the iliotibial band, the lateral aspect of the fibular head, and the joint line. Next, a transverse oblique incision is performed along the posterior border of the iliotibial band extending from just proximal to the Gerdy tubercle and extending proximally for 8 to 10 cm and centered over the lateral joint line (Fig 2) . After blunt retraction of the subcutaneous tissues, the superficial layer of the iliotibial band is incised 1 to 2 cm anterior to its posterior border in the same direction of the fibers (Fig 3) . This incision should not be too deep because of the risk of damage to the anterolateral ligament, fibular collateral ligament, and popliteus tendons. Moreover, it is important to refrain from dissection just posterior to the long head of the biceps complex to minimize iatrogenic injury to the peroneal nerve. After this, blunt dissection is carried out with scissors anterior to the long head of the biceps femoris through the interval between the lateral gastrocnemius tendon and the fibular collateral ligament aiming distomedial to the fibular head. Next, a blunt dissection can be performed until the desired space has been created to subsequently introduce a Cobb elevator to release any adhesions between the lateral gastrocnemius and the posterolateral capsule.
Fabella Identification by Palpation
The fabella is now identified by palpation at the junction between the lateral head of the gastrocnemius and the posterolateral joint capsule. After identification by palpation, the fabella is secured with an Alice clamp. However, the excision is not performed at this point to minimize fluid extravasation of the joint during arthroscopy. After initial incision, the exposure is continued via an incision performed at 1-2 cm anterior to the posterior border of the iliotibial band (ITB) parallel to the fibers. Blunt dissection is carried out with scissors through the interval between the lateral gastrocnemius tendon and the fibular collateral ligament aiming distomedial to the fibular head. The fabella is identified by palpation at the junction between the lateral head of the gastrocnemius and the posterolateral joint capsule. Of note, care must be taken to avoid damage to the gastrocnemius tendon. Plain radiographs illustrating this condition are often interpreted as negative; therefore, sonography is usually advised to evaluate localized pain in the knee and allow for more accurate assessment of fabella movement. Moreover, magnetic resonance imaging is important to reveal inflammation within the substance of the lateral gastrocnemius tendon.
Proximity of tendons/structures in the knee must be noted; the lateral (fibular) collateral ligament, popliteus tendon, and lateral head of the gastrocnemius are especially vulnerable to damage during this procedure.
Palpation of the fabella can be safely performed in some patients and should be attempted prior to surgical incision.
Injury to the peroneal nerve during dissection is possible.
Full exposure of the fabella is key to prevent damage of neighboring structures. All structures should be identified before fabella excision.
Given the difficulty in diagnosis of fabella syndrome, it may be overlooked and improperly treated. Thorough knowledge of the posterolateral corner anatomy is important. Neurolysis of the common peroneal nerve can be performed in cases with neurologic symptoms.
Knee Arthroscopy and Fabella Excision
After successful identification of the fabella, knee arthroscopy is carried out through standard portals. After a diagnostic arthroscopy, a posterolateral portal is created and a 70 arthroscope (Smith & Nephew, Andover, MA) is inserted to visualize the fabella and verify friction with the posterior aspect of the lateral femoral condyle (Fig 4) . After the intra-articular portion of the procedure is finished, careful excision of the fabella is performed under direct visualization with either a 30 or 70 arthroscope monitoring the capsular incision with the goal of excising it from the lateral gastrocnemius tendon with minimum tissue margins (Fig 5) . After successful excision (Fig 6) , range of motion is once again assessed to verify an improvement in flexion. Finally, the incisions are closed in a layered fashion. Table 3 summarizes the advantages and disadvantages of arthroscopy-assisted fabella excision.
Rehabilitation
After an open fabella excision, there is no restriction on range of motion (ROM), and flexion/extension exercises are initiated immediately postoperatively to avoid loss of motion. A brace is not routinely used. The patient is allowed to bear weight as tolerated with the aid of crutches until they can ambulate without a limp. Typically, crutches are necessary during the first 2 weeks postoperatively. However, the use of crutches is at the patient's discretion. Ankle pumps, straight leg raises, and quadriceps exercises are initiated immediately postoperatively as tolerated and frequency gradually increased to 3 to 5 times daily. Return to competitive activities is allowed after approximately 3 to 4 months when the capsule and soft tissues have healed sufficiently. Excision of the fabella performed in a right knee under direct visualization. After the arthroscopic identification of the fabella and evaluation of the surrounding tissues, the excision is performed. Care must be taken to avoid damage to the lateral gastrocnemius tendon, which is in proximity.
Discussion
The fabella, if present, can act as a source of posterolateral knee pain. Therefore, if a patient does present with posterolateral knee pain, careful examination of the knee should rule out a possible symptomatic fabella pressing against the lateral femoral condyle. Previous case reports have described findings of common peroneal neuropathy with foot drop symptoms and a snapping knee syndrome secondary to a symptomatic fabella. 9, 10 Apart from these associated findings, patients also reported increasing pain during aerobic exercise, especially running.
11
The treatment of a symptomatic fabella through nonoperative management has been described in several previous case reports. [2] [3] [4] Nonoperative treatment centers on steroid injection into the area of maximum palpable discomfort and temporary restriction of activities. In the report detailing the largest number of patients (n ¼ 16) treated for pain resulting from the presence of a fabella, Weiner and Macnab 4 described treatment outcomes for 11 patients treated operatively and 5 patients treated nonoperatively. After an open surgical approach, all 11 patients reported relief of preoperative symptoms with an average follow-up of 22 months. However, of the 5 patients who were treated nonoperatively, 4 complained of periodic pain, including 1 report of significant pain, at an average follow-up of 6.7 months.
Moreover, several case reports show full recovery and relief of all previous symptoms after excision of the fabella. 6, 9 Patel et al. 9 presented the case of a 67-yearold man with symptoms of pain along the left lower limb as well as common peroneal nerve neuropathy of 18 months' duration. After open excision of the fabella, this patient had a significant improvement at 3 months with full recovery at 1 year.
Our technique includes an arthroscopic evaluation of the fabella as well as assessment of damage to the femoral condyle, ultimately minimizing damage and over-resection of the surrounding structures during excision of the fabella. Considering these findings as well as the minimal risk of surgical treatment for a symptomatic fabella, we recommend our technique on arthroscopy-assisted fabella excision. Long-term studies with large sample sizes are necessary for further evaluation of this technique and how it Fig 6 . Fabella excision performed in a right knee for treatment of chronic posterolateral knee pain. After the arthroscopic visualization of the fabella along with assessment of damage to the surrounding structures, the fabella is excised. The use of the arthroscopic procedure allows for excision of this sesamoid bone with minimal resection, thereby decreasing the risk of injury to surrounding tissue. Minimal soft tissue resection is shown here with measurements performed with a ruler. Once the fabella has been excised, cartilage damage is evaluated. An arthroscopy-assisted technique allows for diagnostic arthroscopy that will allow for investigation of other intra-articular causes of posterolateral knee pain. Concomitant intra-articular lesions such as chondral and meniscal lesions can be addressed concurrently.
Proficiency in knee arthroscopy is necessary.
A combination of open surgery and arthroscopy improves the visualization and minimizes the resection of surrounding tissue close to the fabella.
Open surgical approach is very technically demanding, requiring precise surgical dissection and knowledge of the anatomy to avoid ligament and tendon insertions. With an open approach, the common peroneal nerve can be easily identified and secured, and neurolysis performed, if necessary.
The open procedure may lead to excessive bleeding, compared with arthroscopy-assisted procedures.
compares to nonoperative management. We encourage surgeons to assess the validity of this technique through continued assessment for longterm results.
